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Abstract: One of the limitations of traditional environmental education (EE) evaluation studies
is its dependence on subjective judgment in terms of the program outcomes. We worked with
information systems engineers to create a camera and sensor device for the participants to wear
during an EE tour. The study determined whether we could objectively evaluate participants’
reactions during a guided tour and procure data to understand the effectiveness of the program.
The results showed a significant correlation between scores obtained through camera sensors
and observation after excluding outliers, implying that such devices could be a potential future
substitute for human observation. Camera/sensor data provide detailed and objective information
related to participants’ physical reaction during the program (e.g., the moment participants started
to lose attention), to the environmental educators as well as tour guides, and by utilizing such data,
practitioners could design and conduct more effective environmental education and communication
programs.
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1. Introduction

The importance of environmental education (EE) for younger generations and general citizens
has been recognized as indispensable for establishing a sustainable society where people are
knowledgeable and willing to take action for conservation (Kollmuss and Agyeman 2002; Jacobson
et al. 2007). One of the limitations of traditional EE evaluation studies is that they mostly depend on
subjective judgment in terms of the program outcomes (Camargo and Shavelson 2009). Reviews of
EE research on evaluations revealed that most studies used a subjective evaluation approach where
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researchers conducted surveys or interviews and respondents provided subjective answers (Zint
2013; Kormos and Gifford 2014).

On the one hand, surveys and interviews could provide fruitful information and insights on the
effectiveness of the program, if research is conducted in a rigorous manner (Vaske 2008); however,
these methods have shortcomings. During EE programs such as guided tours in nature or in-class
lectures on environmental issues, participants’ concentration levels vary. Subjective evaluation can
cause various biases such as social desirability bias where respondents provide answers that they
think are socially desirable (Lusk and Norwood 2009). For example, participants could answer that
they learned a lot from the program even if that was not the case. There are factors that objective
evaluation could identify. For example, whether certain people engaged in certain behaviors (e.g.,
recycling) could be observed easily, and therefore, researchers could objectively judge if such
behaviors occurred or not. On the other hand, factors such as a change in awareness or motivation
cannot be observed from outside which make objective evaluation challenging. However, we believe
that even such cognitive factors could be and should be objectively evaluated through utilizing
technologies. In this study, assuming that certain cognitive factors (e.g., motivation, level of focus)
are reflected in a participant’s physical reaction, we tried to identify such a reaction through using
the data obtained from a wearable camera.

The aim of our study is to objectively evaluate and monitor participants’ reactions during a
guided tour and procure data that can help us understand the effectiveness of such programs. This
paper presents the results of our pilot study. Our main research question was how much camera/
sensor data could substitute conventional observation, survey or interview data, if it actually could.
We aimed to answer this question by evaluating the data obtained through such an approach. [In
this paper, “observation” refers to the observation of participants by researchers].

2. Previous Studies on Objective and Subjective Evaluation

Subjective and objective evaluation could vary depending on the field of study. Ali and
Patnaik (2018) measured respondents’ subjective perceptions of thermally comfortable open spaces
and compared them with values of the physiologically equivalent temperature [objective index] of
the place, including temperature and humidity. Both objective and subjective evaluations showed
that parks with tree canopy density are more comfortable than market lanes without trees (Ali and
Patnaik 2018).

Lee et al. (2018) evaluated the effect of situated teaching in nurse education and compared
students’ subjective empathy scores with objective structure clinical examination where teachers
and patients evaluated the actual behavior of students. Results showed that subjective judgment did
not significantly correlate with the objective evaluation scores observed by teachers and patients.

Pourmand (2012) evaluated wideband speech quality by comparing subjective evaluation
(ratings of speech quality by listeners) and auditory-based objective metrics such as loudness
pattern distortion, and revealed that such objective metrics were effective in predicting subjective
impressions of audio sound quality.

Velarde et al. (2007) reviewed environmental psychology studies on the effects of visible
landscape on health and found that while evaluation measures ranged from subjective (e.g., self-
reports of emotional state) to objective (e.g., blood pressure, behavioral observation) approaches,
both methods seemed to be valid in terms of identifying such effects.

While the majority of evaluation studies conducted in the field of EE used subjective
evaluation (e.g., participants’ survey) (Zint 2013), limited studies have been conducted to directly
measure behavior instead of relying on self-reports. A classical study conducted by Asch and Shore
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(1975) revealed on the basis of the observation that children exposed to an EE program were more
likely engaged in conservation behavior than those in a control group. More recently, Camargo and
Shavelson (2009) proposed observable actions that researchers could directly measure such as litter
reduction behavior to effectively evaluate EE programs. The significance of objective evaluation is
that it could obtain information on what really happened (in this case, actual observed behavior). By
utilizing both subjective and objective evaluation data, one can understand if these data correspond
to imply the potential impacts of the program.

On the contrary, no known research has been conducted in the field of EE that has objectively
evaluated people’s reaction and compared it with participants’ subjective observation. While the
limitation of only depending on subjective evaluation to assess the effects of EE program has
been continuously pointed out by researchers and practitioners (Camargo and Shavelson 2009),
developing evaluation tools that do not depend on human judgment is challenging as it goes beyond
the expertise of most traditional EE researchers (e.g., social scientists or ecologists). Meanwhile,
collaboration with experts in other fields (e.g., engineering) could reveal original and alternative
evaluation types. Similar to the study by Ali and Patnaik (2018) and Pourmand (2012), we aimed
to develop evaluation tools to systematically monitor the reaction of EE program participants and
compared the results with the traditional EE evaluation approach. Contrary to previous studies that
looked at environmental behavior (e.g., Asch and Shore 1975, Camargo and Shavelson 2009), we
focused on the physical reactions of the participants during the program, and therefore, this research
is categorized as program process evaluation rather than impact evaluation (Rossi et al. 2004).

3. Method

(1) Construction of Camera Device and Related Studies
Through collaboration with information systems engineers, we developed a camera device
(Figure 1) that participants of EE programs could attach to their heads.

Figure 1. A camera device used for the research. Camera and accelerometer (covered by red circle)
are attached to obtain velocity and angle of participants’ head movements. (The authors)

There are studies that have measured the head or eye movement of participants by using
wearable devices, especially in the field of engineering [e.g., the development of a new algorithm for
measuring eye movements (Rothkopf and Pelz 2004) and testing individuals’ remote interactions by
attaching omnidirectional wearable cameras (Kasahara et al. 2017)]. Onishi et al. (2016) monitored
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participants’ interest in the educational program through sensors attached to their heads as well as
through expert observation and found that their levels of interest in the topic could be ascertained
by their head movements.

Based on this research, we predicted that the participants’ concentration on the program
content or the guide’s talk will be reflected in their head movements. Whether participants are
looking at the tour guide while they talk or at objects pointed out by the guide can be tracked from
participants’ eye and head movements. Meanwhile, the validity of such objective evaluation needs
to be verified by comparing it to a variety of conventional subjective evaluation methods (e.g.,
interviews). However, none of the studies mentioned here have used such methods of evaluation.
Therefore, we utilized mixed methods covering a variety of subjective methods (observation,
knowledge test, interview, and survey) to test our hypothesis that objective evaluation could be a
substitute for conventional evaluation methods.

In this study, a portable device was created using products that are easily available in stores.
A camera and sensor were attached to a headband. This device was pilot tested to confirm that the
recorded video and sensory data could be used to obtain the velocity and angle of participants’ head
movements (Haruta et al. 2020). Following the previous study (Onishi et al. 2016), an average of a
second was considered as one data point. We focused on that moment in the tour when the guide
asked the participants to look at certain objects. Assuming that participants who quickly moved
their heads in the direction of the object were more focused on the guide’s talk, we calculated
the individual scores of the participants by measuring the time before they moved their head in
the appropriate direction. The study was conducted in four steps to measure the participants’
concentration, which could ultimately demonstrate the effectiveness of the EE program.

(2) Procedure

First, we analyzed the video and sensor data to record how quickly students moved their heads
in the direction the guide pointed.

Second, we observed participants’ reactions and facial expressions during the tour. A
researcher scored each student’s reaction by observing the direction of their gaze (they scored 5 if
they looked at the objects and 1 if they did not) as well as their focus on the guide’s talk (they scored
5 if they looked very focused and 1 if they were not focused at all). Students’ levels of concentration
were measured every 30 seconds.

Third, the students were asked in an interview to state what they remembered about the
program and score themselves (out of 100) in terms of how much attention they paid to the guide’s
talk and their satisfaction with the tour.

Finally, a survey was conducted to understand how the students scored themselves on their
focus as well as their interest in the tour program. For this purpose, a 5-point Likert scale was used
with a score of 5 if they were very focused, and 1 if they were not at all focused.

(3) Targeted Environmental Education Program

The EE guided tour was conducted at Shiga Kogen, a highland area located in the
Joshin’etsukogen National Park of Japan. Guided nature tours are conducted here for students from
all over the country, hence the place seemed appropriate for this research. The sample of this study
comprised students from a junior high school in Ibaraki Prefecture (located in eastern Japan).
All the second-year students (n = 76) joined the guided tour as part of a class activity. Students
were divided into eight groups (each group having eight to ten students) and the professional
guides (interpreters) took each group for a walk through the mountains. [In this study, we use the
term environmental educators and guides as similar to the definition of interpreters; those who
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increase people’s interest towards and understanding of the natural and cultural environment
through communication (Nishimura 2016).] All 76 students wore the head mount cameras as well
as the sensor devices and their facial expressions were observed and recorded. Eight students
were randomly picked (one from each group) by choosing random numbers from students’ list,
and their facial expressions were observed during the tour. As there was only one researcher who
could engage in observation, focusing on one student at a time, a total of eight students (one from
each group) was observed. Interviews with the eight students were conducted after the tour, but
all seventy-six students participated in the survey. From among the eight students selected for
observation and interview, data from the camera/sensor of one student could not be obtained due
to technical reasons, hence we deleted the data of that student. Finally, scores of seven students for
four types of study were compared.

Before starting the study, we explained the research objectives to the teachers and students
and informed them that all data obtained would be kept confidential and that students’ participation
would be voluntary. After obtaining informed consent from all the teachers and students, we started
our research.

4. Results and Discussion

(1) Descriptive Results of Each Method

The students’ head movements per second were recorded. Students whose speed of head
movement toward the particular direction surpassed the threshold (see Appendix 1 for an
explanation of students’ head movement scores) were judged that their head movements were
detected (Figure 2). Sensor data for that particular moment was extracted when a large number of
students moved their heads at the same time (Figure 3).
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Figure 2. Movement of students’ heads per second based on the camera-sensor data. Following the
calculated standardized scores, two students’ head movements were detected while another student
was not at time t. [The figure was created by the authors based on Haruta et al.’s study (2020).]
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Figure 3. Total number of students who moved their heads each second in a group based on the
camera-sensor data. Arrows indicate a large number of students moving their heads at the same
time. [The figure was created by the authors based on Haruta et al.’s study’s study (2020).]

The observation revealed the extent to which students were looking at the guide or the object,
and how focused they were on the guide’s talk. Figure 4 shows an example of four students with
their scores. The mean of the seven scores (with a total of 210 seconds observation scored every
30 seconds) on their eye movements was calculated as their overall observation score (Table 1).
Numbers such as D-2 in Figure 3 represent the IDs of the students and correspond to the students
with the same ID numbers as Table 1.
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Figure 4. The degree to which students looked at the guide or the object, based on observation. D2,
E6, F3, and G2 represent the IDs of the students. (Created by the authors)
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Table 1. Comparison of scores obtained from cameras, observation, interviews, and self-reported
surveys. (Created by the authors)

Student Camera/ Observation If student Self-reported  Self-reported  Self-reported Self-reported
ID sensor score  score remembered score of focus score of score of focus score of
guide’s talk  [Interview] enjoyment [Survey] interest

[Interview] [Survey]

A4 -27.7 3.21 1 90 100 4.5 35

B2 229 479 0 70 100 5.0 5.0

Cs5 56.1 3.79 1 38 100 35 4.0

D2 -181 4.57 1 85 100 4.5 5.0

E6 -58 3.36 1 90 100 5.0 4.5

F3 -551 2.00 1 50 90 3.0 3.5

G2 -42.5 479 0 60 80 5.0 4.5

The results of the interviews with the seven students are shown in Table 1. If students
remembered the guide’s talk well, their score was 1 (e.g., “The guide was talking about invasive
species and how these species enter Shiga Kogen by attaching to people’s clothes and shoes™), and
if not (e.g., “I don’t remember”), their score was 0. In addition, students’ self-reported scores of their
own performance are shown in Table 1.

The results of the surveys conducted after the tour are shown as “self-reported score of focus”
which are mean scores of students on statements “I listened carefully to the guide’s talk from
beginning to end” and “I looked at and listened to what the guide explained and pointed at” in Table
1. Mean scores of statements “I listened to the guide’s talk with interest” and “It was fun to listen to
the guide’s talk” are shown as “self-reported scores of interest.”

(2) Comparison of Data Obtained through Different Methods of Evaluation

The student with the highest score for the camera/sensor (B2 = 229) reacted fastest to the
guide’s talk and secured the highest score for observation (4.79), while the student with the lowest
score for the camera/sensor (F3 = -551) also had the lowest score for observation (2.00). We divided
the students into two groups: those who had negative scores for camera/sensor and those who
had positive scores for camera/sensor. We also divided the students into two categories: those
having low scores for observation (<3.50) and those who had high scores for observation (>3.50).
The scores of five out of seven students on evaluation through camera/sensor and observation
(e.g., negative camera scores and low observation scores), were similar. The students D2 and G2
displayed contradictory results (i.e., both had high scores on observation and low scores on camera/
sensor). Therefore, from these results, camera/sensor monitoring appears to generate similar results
as human observation for most of the samples. There was a medium correlation between camera
and observation scores although it was not statistically significant (Spearman correlation = 0.487; p
= (0.268) (Table 2).
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Table 2. Correlation matrix based on Spearman’s rank correlation coefficient. (Created by the authors)

Camera/ Observation  If student Focus Enjoyment  Focus Interest
sensor score  score remembered [Interview] [Interview] [Survey] [Survey]
guide’s talk
Camera/ 1.000 0.487 -0.474 -0.072 0.401 0.356 0.184
sensor score
Observation  0.847 1.000 -0.798* -0.109 -0.045 0.661 0.815*
score
If student -0.474 -0.798* 1.000 0.160 0.394 -0.663 -0.488
remembered
guide’s talk
Focus -0.072 -0.109 0.160 1.000 0.449 0.500 0.185
[Interview|
Enjoyment  0.401 -0.045 0.394 0.449 1.000 0.047 0.252
[Interview]
Focus 0.356 0.661 -0.663 0.500 0.047 1.000 0.635
[Survey]
Interest 0.184 0.815* -0.488 0.185 0.252 0.635 1.000
[Survey]
(*: p,.05)

The student who secured the highest score for both camera/sensor and observation scored
highly (score = 5.0) on the self-reported survey measuring their focus, while the student who
secured the lowest score on camera/sensor and observation scored low on the self-reported survey
too (score = 3.0). This shows that results of camera/sensor, observation and that of the survey were
similar. However, the scores of other students (A4 and E6) are contradictory as those students who
scored low for camera/sensor and observation scored high for their survey (4.5 and 5.0, respectively).
Contradictory results were also obtained for how much they remembered about the guide’s talk
as well as for their self-reported scores. The student with the highest score on camera/sensor and
observation (B2) did not remember the contents of the guide’s talk while the student who had the
lowest score (F3) was able to articulate the contents of the guide’s talk. While the student with the
lowest score on camera/sensor and observation also scored low for focus on the guide’s talk in the
interview (score = 50), the student with the highest score (B2) as well as the student who had a fairly
high score (C5) for camera/sensor and observation also obtained a low score on the interview (i.e.,
70 and 38, respectively).

Correlation analysis among the seven factors [(1) camera/sensor score, (2) observation score, (3)
knowledge score, (4) self-reported score of focus by interview, (5) self-reported score of enjoyment
by interview, (6) self-reported score of focus by survey, and (7) self-reported score of interest by
survey]| (Table 1) revealed that there were two statistically significant correlations. Observation
scores correlated with students” knowledge (if the student remembered the guide’s talk) (Spearman
correlation = -0.798; p = 0.032) as well as with self-reported interest scores (Spearman correlation
= 0.815; p = 0.026) as per the survey answers. This not only shows the potential significance but
also the limitation of researchers’ observation. Those students who had high observation scores also
scored high in self-reported interest, however, they had lower knowledge scores.
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Our research also suffered from the limitation of self-reported surveys and interviews. In
our study, student (C-5) scored well at paying attention and was able to explain the contents of
the guide’s talk better compared to the other students, while she scored herself low on attention in
the survey. Differences between scores measured in self-reported surveys and what others (such
as observers) pointed out were also seen in previous studies (e.g., Lee et al. 2018). A limitation of
self-reported studies is that participants may score themselves low if they are humble. Conversely,
opposite results can be obtained if participants are too confident and score themselves higher than
their actual performance. Meanwhile, the fact that observation scores statistically corresponded
with students’ self-reported scores of interest in the survey implies that the degree to which the
students were looking at the objects (shown from observation) was reflected in their level of interest
in the guide’s talk and the tour.

Although the correlation between scores of camera and observation was moderate and
not significant, we might see stronger association by increasing the sample size or by excluding
the outliers (data point that differs significantly from other observation). For example, assuming
that the two students D2 and G2 (who scored low in camera data and high in observation) were
outliers, correlation between camera and observation scores became high and significant (Spearman
correlation = 0.900; p = 0.037). Therefore, camera and sensor devices could potentially be
substituted for human observation in the future, if we are able to articulate and exclude outliers from
the samples. Meanwhile, even after deleting two samples (D2 and G2), camera scores did not show
any significant correlation with the students’ scores on the interview and the survey. This implies
that camera and sensor technology has the potential to substitute researchers’ observation but not the
participants’ perceptions. In other words, the objective evaluation that we applied was not effective
in terms of depicting participants’ cognitive elements, and posed concerns that objective evaluation,
or at least the approach we developed and utilized in this research, was not necessarily “correct
evaluation.” Further research is necessary to understand whether camera and observation can only
be used for recording participants’ reactions, or whether such technology and observation are more
effective in procuring data than self-reported measures for determining cognitive outcomes.

(3) Advantage of Evaluation Using Camera/Sensor over Conventional Social
Science Methods

One advantage of a camera/sensor is that it can record and measure head movement at the
same time and provide objective outcomes as quantitative data. Subjective evaluation methods that
involve people (e.g., participants, observers) are usually expensive and time-consuming (Camargo
and Shavelson 2009; Pourmand 2012). The reason why only one student from each group was
monitored for observation was that we had only one researcher available to observe students. Hiring
enough researchers or assistants to observe all participants is challenging both financially and
logistically (Camargo and Shavelson 2009). Creating machines with the help of engineers could
provide additional information for conventional survey, observation or interview research and could
overcome the issues of subjectivity as well as diminish the necessity of hiring many assistants. In
addition, as the quality of interviews and observations could depend on the skills of interviewers
and observers (e.g., level of training), interviewers could generate different outcomes (Brinkmann
and Kvale 2015, p. 71)]. The results of objective evaluation (in this study, use of camera and censors)
are consistent and repeatable, and data obtained from different studies and locations could be
directly compared (Pourmand 2012).

Camera/sensor data provide detailed and objective information related to participants’
physical reactions during the program (e.g., the moment participants started to lose attention)
to the environmental educators as well as tour guides (interpreters), and by utilizing such data,
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practitioners could design and conduct more effective environmental education and communication
programs. In that sense, obtaining data by machines could be useful for evaluating not only
environmental education programs but also the guides (environmental educators) and how well they
were able to attract respondents’ attention during the guided tour. This is especially important since
many environment educators tend to assume that participants have the same motivation toward the
programs as they do and conducting an evaluation is the only way to reveal such gaps (Heimlich
2010).

5. Conclusion

The field of EE evaluation has been developed mainly by social scientists who use social
science approaches, such as surveys and interviews, and social psychological theories (Camargo
and Shavelson 2009; Zint 2013). Indeed, these disciplines have made important contributions to
the development of the EE field. Our idea of creating machines to objectively and systematically
evaluate the impact of EE programs augments traditional methods and may provide a new paradigm
for the field of EE research. Based on our results, new academic and interdisciplinary theories could
be developed on the relationship between subjective and objective evaluations. In other words, the
implications of our study results are that collaboration with engineers could potentially challenge
the existing paradigm, move the field forward to the next stage of EE evaluation, and provide an
alternative research model for overcoming the limitations of conventional evaluation methods.
However, a limitation of this study was that, firstly, it was a pilot study with limited sample size.
A large scale study that yields more extensive data is necessary to confirm the credibility of our
approach. Secondly, experimental research should be conducted for a more rigorous assessment
of the evaluation tools. Wearing attachable cameras could have affected students’ reaction during
the tour, so future research can be conducted by dividing participants into treatment and control
groups to investigate the effects of such experiments. Thirdly, assuming that head movement itself
cannot identify the full mechanism of students’ learning process, we need to keep exploring and
considering the meaning of the data obtained from such wearable cameras. The objective of this
research; to identify whether camera/sensor data could substitute conventional observation, was
partly verified by our data. However, as the next step, we should go beyond just testing whether
objective evaluation could substitute conventional observation, and explore what aspects of the
learning process could be evaluated through such camera/sensor data.

Finally, since the ultimate goal of environmental education is to increase citizen’s awareness
toward sustainability as well as their pro-environmental behavior, future research should consider
how such subjective and objective evaluation could potentially identify programs’ impacts. As
for the next step, creating and utilizing rubrics that identify the objective criteria of the program’s
impacts (e.g., American Association of Colleges and Universities 2022) as well as conducting peer
evaluation and third-party evaluation could be important to bridge the gap between our findings (e.g.,
students’ reactions) and the program’s impacts (e.g., increase in pro-environmental behavior).
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Appendix 1. Equation used to Evaluate Head Direction Movement.

Based on the following equation, we evaluated if the speed of head direction movement
surpassed the threshold.

if (lve] > ab)
We counted the number of students who moved their heads: if (s; > 3/N),
and calculated student’s individual scores: E+= |v;|, elseif (s, <= 3/N), E—= |v;|
t refers to time, V¢ refers to head direction speed, S¢ refers to the number of students who

moved their heads, N refers to the total number of people in the group, and E refers to the individual
scores of the students.
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